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© A graphic interference check apparatus for a 
machining program which eliminates time and labour 
by merely generating one screen data. In an NC 
apparatus including a graphic system which includes 
a host CPU (31), a graphic controller (32), a frame 
buffer (33), a P/S convertor (34) for converting a 
parallel signal to a serial signal, a video driving unit 
(36) and a video apparatus (40), and wherein the 
host CPU (31), the graphic controller (32) and the 
frame buffer (33) are connected by a bus line, the 
check apparatus of the invention comprises a latch 



circuit (37) for latching image data continuously out- 
putted from the P/S convertor (34) for each pixel and 
a comparison circuit (38) for comparing two adjacent 
image data between the output of the P/S convertor 
(34) and the output of the latch circuit (37) with 
respect to at least two image data set from the host 
CPU (31) for checking interference, detecting inter- 
ference and outputting an interrupt signal to the host 
CPU (31). The host CPU (31) may be provided with 
the function of the graphic controller (32). 
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TECHNICAL FIELD 

The present invention relates to CNC machine 
tools, industrial robots and graphic systems, and 
more particularly to an apparatus for graphically 
checking for interference between a workpiece and 
a tool or the like during machining, in accordance 
with a machining program, by a CNC machine tool 
by means of a graphic display. 

BACKGROUND ART 

At the present time, CNC machine tools with a 
graphic display include an apparatus for graphically 
checking for interference between machining cut- 
ters that cut a workpiece or between a cutter and a 
workpiece clamp(chuck), before machining the wor- 
kpiece in accordance with an NC program, by 
means of CRT display showing simulation of the 
machining process of the workpiece as graphical 
images so that operators can find the interference. 

This apparatus for graphically checking for in- 
terference between a workpiece and a tool, dis- 
plays workpiece shapes before and after machining 
the workpiece, chuck shapes, tail stock shapes, 
tool shapes on cutting tables or the like on a CRT 
screen, and displays a tool path in which the tool 
moves in accordance with an NC program on the 
CRT screen, and allows to monitor the interference. 
An example of this apparatus will be explained 
below. 

Fig. 1 is a drawing showing the structure of an 
apparatus for graphically checking for interference 
between a workpiece and a tool of a machining 
program in a prior art. This apparatus includes a 
host computer 1 controlling the general operations 
of a numerical controller, a graphic controller 2, 
connected to the host computer 1, which controls 
screen information having a plurality of graphic 
images, a NO.1 frame buffer 3, connected to the 
graphic controller 2, which stores screen informa- 
tion including a graphic image of a body (any part 
of a workpiece or a tool) for machining in accor- 
dance with a machining program, a NO. 2 frame 
buffer 13, connected to the graphic controller 2, 
which stores other screen information including a 
graphic image of other body for machining in ac- 
cordance with the machining program, a NO.1 P/S 
converter 4 that receives parallel signals from the 
NO.1 frame buffer 3, converts the parallel signals 
into serial signals, and outputs the serial signals in 
accordance with a command signal from the graph- 
ic controller 2, a NO.2 P/S converter 14 that re- 
ceives parallel signals from the NO.2 frame buffer 
13, converts the parallel signals into serial signals, 
and outputs the serial signals in accordance with 
another command signal from the graphic control- 
ler 2. The apparatus also includes a comparator 8 
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that receives outputs from the NO.1 P/S converter 
4 and from the NO.2 P/S converter 14, compares 
the outputs continually, and outputs an interruption 
signal to the host CPU 1 when it detects interfer- 
5 ence. 

The comparator 8 detects interference whether 
or not the pixel data in the comparator 8, pre- 
viously set by the host computer 1, indicates two 
different bodies for interference checking, are input 

10 at the same time. When it is determined that the 
pixel data are input at the same time, then it 
determines that there is interference. 

A video driver 6 outputs a video signal, as 
screen information, to the video display unit 10, on 

75 which the graphic images are displayed, after com- 
bining the output from the first P/S converter 4 with 
the output from the second P/S converter 1 4. 

Furthermore, the host CPU 1 , the graphic con- 
troller 2, the NO.1 frame buffer 3, and the NO.2 

20 frame buffer 13 are all connected to a bus line 9. 

Fig. 2 is a sample drawing showing graphic 
images displayed on a screen in the apparatus 
shown in Fig.1. In Fig. 2, one screen information of 
a graphic image of a body to be displayed in red, 

25 stored in NO.1 frame buffer 3, is indicated as a 
graphic image. And another screen information of a 
graphic image of another body to be displayed in 
blue, stored in NO.2 frame buffer 13, is indicated 
as another graphic image. Screen obtained by 

30 combining the screen information stored in NO.1 
frame buffer 3 and the screen information stored in 
NO.2 frame buffer 13, is displayed on the video 
display unit 10 as a graphic image, indicating the 
place where the two bodies are overlap in purple. 

35 The apparatus for graphically checking for in- 

terference between a workpiece and a tool in ac- 
cordance with a machining program in a prior art, 
as can be seen in Fig. 2, is provided with screen 
information for as many of bodies between which 

40 interference will be checked. It is also provided 
with frame buffers for the screen information that 
stores the same, and a video display unit that 
displays screen information after combining screen 
information for each body stored in the each frame 

45 buffer. It checks for interference between the bod- 
ies by means of a comparator that detects the 
overlap of graphic images of bodies in the screen 
information. This apparatus for graphically checking 
for interference between a workpiece and a tool 

so detects the interference when pixel information 
concurrently transmitted from NO.1 frame buffer 3 
and NO. 2 frame buffer 13 are different. Namely, in 
the example shown in Fig. 2, the apparatus for 
graphically checking for interference between a 

55 workpiece and a tool detects interference when the 
red pixel data output from NO.1 frame buffer 3 and 
the blue pixel data output from NO.2 frame buffer 
1 3 overlap. 

3 
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However, the apparatus for graphically check- 
ing for interference between a workpiece and a tool 
in a prior art has to be provided with as many 
frame buffers as there are bodies between which 
interference will be checked, and has to store the 
screen information of each body into each frame 
buffer. Therefore, there are problems that the size 
of the capacity of the frame buffers is increased, 
and that a long time and considerable manual labor 
are required for making the screen information, 
because operators have to prepare same number 
of screen information regarding parts, such as a 
workpiece and tools for checking for interference. 

DISCLOSURE OF THE INVENTION 

Therefore, in the light of the above mentioned 
problems, it is an object of the present invention to 
provide an apparatus for graphically checking for 
interference between a workpiece and a tool in 
accordance with a machining program that has a 
single frame buffer storing screen information of a 
plurality of graphic images of bodies thereby sav- 
ing time and labor for making the screen informa- 
tion. 

Fig. 3 is a drawing showing the basic structure 
of an apparatus for graphically checking for inter- 
ference between a workpiece and a tool according 
to the present invention. 

In order to solve the above mentioned prob- 
lems, in the apparatus for graphically checking for 
interference between a workpiece and a tool ac- 
cording to the present invention includes a host 
CPU 31, a screen information output circuit 35, a 
latch 37 and a comparator 38. The host CPU 31 
previously sets more than two different pixel data 
(color information) for checking for the interference, 
namely, a plurality of kinds of determined length 
pixel data for graphic display, in a comparator 38. 
The screen information output circuit 35 is con- 
nected with the host CPU 31, stores screen in- 
formation consisting of a plurality of pixel data in a 
frame memory in itself, and continually outputs the 
stored screen information. The latch 37 receives 
pixel data (color information) continually output 
from the screen information output circuit 35, 
latches and updates each pixel data. The compara- 
tor 38 compares current pixel data received from 
the screen information circuit 35 with pixel data 
received from the latch 37 which is previous to the 
current pixel data, namely, compares two adjacent 
pixel data (color information), then detects interfer- 
ence and outputs a signal to the host CPU 31 when 
two kinds of the pixel data (color information) for 
checking interference that are previously set by the 
host CPU 31 , are adjacent. 

The apparatus for graphically checking interfer- 
ence according to the present invention includes 



the means, namely the latch circuit 37, for latching 
and updating the pixel data of screen information 
continually output from the screen information out- 
put circuit 35, the means, namely the comparator 

s 38, for comparing current pixel data output from 
the screen information output circuit 35 with the 
pixel data output from the latch circuit 37 which are 
previous to the current pixel data individually, in 
which more than two kinds of pixel data which will 

70 be checked for interference are previously set by 
the host CPU 31, for detecting interference when 
two different pixel data are adjacent, and for out- 
putting a signal to the host CPU 31 . 

75 BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a drawing showing the structure of an 
apparatus for graphically checking for interfer- 
ence between a workpiece and a tool of a ma- 
20 chining program in a prior art; 

Fig. 2 is a drawing showing graphic images 
displayed on a screen in the apparatus shown in 
Fig.1; 

Fig. 3 is a drawing showing the basic structure 
25 of an apparatus for graphically checking for in- 
terference between a workpiece and a tool ac- 
cording to the present invention; 
Fig. 4 is a drawing showing the structure of an 
embodiment of an apparatus for graphically 
30 checking for interference between a workpiece 
and a tool of a machining program according to 
the present invention; 

Fig. 5A shows a graphic display when two bod- 
ies to be checked are separate; 
35 Fig. 5B shows a graphic display when the two 
bodies are adjacent; and, 

Fig. 5C a graphic display when the two bodies 
are overlapped. 

40 BEST MODE FOR CARRYING OUT THE INVEN- 
TION 

Fig. 4 is a drawing showing the structure of an 
embodiment of an apparatus for graphically check- 

45 ing for interference between a workpiece and a tool 
of a machining program according to the present 
invention. In Fig. 4. reference numerals the same 
as those in Fig. 3 indicate the same elements. 
Explanation of Fig. 4 will now be described 

so hereinafter. The screen information output circuit 
35 in Fig. 3 is replaced by a graphic controller 32, 
a frame buffer 33 and a P/S converter 34 in Fig. 4. 
The host CPU 31 controls the general operations of 
the numerical controller, is connected to the graph- 

55 ic controller 32 and determines the screen informa- 
tion after defining the shapes of workpieces, 
chucks and cutting tools. Furthermore, the host 
CPU 31 can produce more than two body color 
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information sets on which interference will be 
checked, namely, any two or more combinations of 
body colors from red, green and blue. The graphic 
controller 32 operates to memorize screen informa- 
tion, determined by the host CPU 31, in the frame 
buffer 33 via the bus 39. 

The screen information stored in the frame 
buffer 33 are output as parallel signals to the P/S 
converter 34. 

The P/S converter 34 outputs serial signals 
after converting the parallel signals to the serial 
signals in accordance with the command signal 
from the graphic controller 32. A video driver 36 
receives the serial signals from the P/S converter 
34 and outputs three color (R.G.B) video signals to 
a video display unit 40. 

The video display unit 40 displays the screen 
information output from the video driver 36. The 
latch circuit 37 latches and updates the pixel data 
which are continually output from the P/S converter 
34 and which are stored as the screen information 
in the frame buffer 33. In this embodiment, three 
bits of color information (R,G,B) per a pixel are 
output from the P/S converter 34. The comparator 
38 compares the output from the P/S converter 34 
with the output from the latch circuit 37 and outputs 
a signal to the host CPU 31 when interference is 
detected. 

To detect interference, more than two body 
color information sets for checking interference are 
previously produced by the host CPU 31. Namely, 
at least two color information out of R, G, B are 
previously selected and are stored in the compara- 
tor 38 by the host CPU 31. Interference is detected 
when the different bodies are adjacent, i. e., dif- 
ferent kinds of color information are detected at 
adjacent pixel data. 

If the signal from the comparator 38 is used as 
an interruption signal, then the actual interference 
position, where different colors are adjacent, can 
be observed by stopping the screen when the 
interference is detected, and the machining NC 
program can be properly corrected since actual 
interference positions can be confirmed by data 
analysis. 

Furthermore, the apparatus for graphically 
checking for interference between a workpiece and 
a tool according to the present invention can also 
be realized without having a graphical controller 32, 
but by having a host CPU 31 with the functions of 
a graphical controller 32 as shown in Fig. 4. 

Fig. 5 indicates three mode of two bodies 
between which the interference will be checked. 
The mode of operation of the apparatus shown in 
Fig. 4 will be explained hereinafter with reference 
to the Fig. 5. 

Fig. 5A shows a graphic display when two 
bodies for checking the interference are separate, 
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Fig. 5B shows a graphic display when the two 
bodies are adjacent, and Fig. 5C a graphic display 
when the two bodies are overlapped. 

A body 51 is indicated by red, while a body 52 

5 is indicated by blue. The host CPU 31 previously 
set red and blue in the comparator 38. Correspond- 
ing to the output from the P/S converter 34, Fig. 5A 
indicates that red and blue pixels are in separated 
positions, Fig. 5B indicates that red and blue pixels 

iq are in adjacent positions, and Fig. 5C indicates that 
red and blue pixels are overlapped on the screen 
respectively. In other words, corresponding to the 
output from the P/S converter 34, Fig. 5A indicates 
red and blue pixels are output in a different time, 

75 Fig. 5B indicates blue pixels are output just adja- 
cent to red pixels, and Fig. 5C indicates red pixels 
are independently output at first, then red and blue 
pixels are output simultaneously, and blue pixels 
are independently output at the end. The latch 37 

20 outputs pixel information that are one pixel delayed 
compared to the pixel information output from the 
P/S converter 34. The comparator 38 outputs an 
alarm signal to the host CPU 31 in the cases of 
Fig. 5B and Fig.SC after detecting that two adjacent 

25 pixel information sets are different, because two 
adjacent pixel information sets are red and blue in 
these cases, and they are previously set by the 
host CPU 31 as the color information for checking 
interference. 

30 Other methods for checking for interference in 

a machining program by software other than the 
apparatus according to the present invention can 
be considered. Namely, one method may include 
the steps of copying image screen information by 

35 combining two respective bodies for checking inter- 
ference; then comparing the screen information be- 
fore copying, namely, the information of each body, 
with the screen information after copying, namely, 
that combined information; and detecting the inter- 

40 ference between the two bodies. Another method 
may include the steps of comparing the screen 
information of each body with the screen informa- 
tion that combines information of the two respec- 
tive bodies for checking interference, before the 

45 copying; and detecting the interference. 

According to these software methods, the host 
CPU represents (copies) the cutter (cutting tool) 
shape previously defined on the frame buffer, and 
continually copies the cutter shape along the cutter 

so moving route, then operators can observe by naked 
eyes as if the cutter is moving, since, for example, 
the course where the cutter, as a body, moves is 
known by the host CPU. 

When the colors are set such as red for the 

55 cutter, blue for a chuck, and purple for the interfer- 
ence portion between the cutter and the chuck, the 
host CPU detects the interference in the course of 
continual coping, by detecting the fact that red 

5 
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interfered with blue and that the interference por- 
tion changed to purple in the frame buffer, and the 
host CPU sets the alarm bit via the software. 

In this case, each bit data in some square area 
is checked to detect the interference. To accom- 
plish this process by software, a long processing 
time is required, the scan time of the host com- 
puter that executes the software is longer than that 
of video signal for the CRT screen, which means 
that processing time of the software requires more 
time than hardware processing time. Furthermore, 
the software process is complicated and it requires 
time, therefore it is not suitable to realize the ap- 
paratus for detecting the interference although 
there is a merit that graphic image information of a 
plurality of bodies can be stored in a frame buffer 
as one screen information, which is the same merit 
of the present invention. Therefore, the apparatus 
for detecting interference according to the present 
invention may be the best of all the apparatus 
which use current electronic equipment, electronic 
elements or the like. 

As heretofore explained, according to the ap- 
paratus for graphically checking interference be- 
tween a workpiece and a tool of the present inven- 
tion, it is not necessary to provide the same num- 
ber of screen information sets as the number of 
bodies for checking interference. The apparatus 
only requires one screen information set for a plu- 
rality of kinds of bodies, so that time and labor can 
be saved for preparation and a quick and effective 
interference check can be realized. 

Furthermore, according to the apparatus for 
graphically checking interference of the present 
invention, by transmitting an interruption signal to 
the CPU after detecting the interference, the video 
screen can be stopped to observe the standstill 
state of the interference and different colors in 
adjacent positions can be actually observed and 
the interference position can be confirmed. And 
accurate feedback for correcting the machining 
program can be accomplished since the actual 
interference position can be confirmed by data 
analysis. 

Claims 

1. An apparatus for graphically checking interfer- 
ence between a workpiece and a tool which 
has a plurality of kinds of predetermined 
lengths of graphic display pixel data and can 
determine that interference occurred between 
said kinds of pixel data when data at one or 
more addresses in said predetermined length 
of graphic display pixel data in said more than 
two kinds of pixel data, are the same, is char- 
acterized in that it comprises: 

a host CPU (31) which previously set said 



75 



20 



kinds of pixel data in a comparator (38) for 
checking said interference; 

a screen information output circuit (35) 
connected to said host CPU (31 ) which outputs 
said each pixel data from screen information 
having said pixel data; 

a latch circuit (37) which receives said 
pixel data continually output from said screen 
information output circuit (35), and latches and 
updates said pixel data; 

a comparator (38) that receives said pixel 
data output from said screen information out- 
put circuit (35) and pixel data that are the 
previous pixel data to said current pixel data 
that are output from said latch (37), compares 
between them (compares said two adjacent 
pixel data) determines said interference when 
said kinds of two pixel data previously set for 
checking interference by said host CPU (31) 
are adjacent, and outputs a signal to said host 
CPU (31). 



2. An apparatus for graphically checking interfer- 
ence between a workpiece and a tool accord- 
25 ing to a numerical controller having a graphic 

system comprising. 

a host CPU (31) for controlling the oper- 
ations of said numerical controller, 

a graphic controller (32) connected to said 
30 host CPU (31), 

a frame buffer (33) storing screen informa- 
tion having a plurality of graphic images of 
bodies, 

a P/S converter (34) that receives parallel 
35 signals output from said frame buffer (33) and 

outputs serial signals in accordance with com- 
mand signals from said graphic controller (32) 
after converting from said parallel signals to 
serial signals, 

40 a video driver (36) that receives video sig- 

nals from said P/S converter (34) and outputs 
said video signals, and 

a video display unit (40) that displays a 
graphic image after receiving said video sig- 

45 nals from said video driver (36) and in that a 

bus line is connected to said host CPU (31), 
said graphic controller (32) and said frame 
buffer (33), or another apparatus which does 
not include said host CPU (31) but includes 

so said graphic controller (32) having the function 

of said host CPU (31), is characterized in that 
it comprises, 

a latch circuit (37) that receives said 
screen information having pixel data contin- 

55 ually output from said P/S converter (34), 

latches and updates said pixel data, and 

a comparator (38) that receives said pixel 
data currently output from said P/S converter 
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(34) and pixel data output from said latch cir- 
cuit (37) in which pixel data are output one 
pixel earlier than said current pixel data, com- 
pares them, namely, compares two adjacent 
pixel data, determines an interference when 5 
two pixel data representing two bodies for 
checking interference, which are previously set 
by said host CPU (31), are adjacent, namely, 
determines said interference when two differ- 
ent bodies are adjacent, and outputs a signal 10 
to said host CPU (31). 

3. An apparatus claimed in claim 1 or 2, wherein 
said comparator outputs an interrupting 
signal to said host CPU (31) after detecting is 
said interference. 
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